The current slump of different recipes of SiN passivated AlGaN/GaN high electron mobility transistors (HEMTs) is investigated. The dc and pulsed current-voltage curves of AlGaN/GaN HEMTs using different recipes are analyzed. It is found that passivation leakage has a strong relationship with NH3 flow in the plasma-enhanced chemical vapor phase deposition process, which has impacted on the current collapse of SiN passivated devices. We analyze the pulsed DS − DS characteristics of different recipes of SiN passivation devices for different combinations of gate and drain quiescent biases ( GS0, DS0) of (0, 0), (−6, 0), (−6, 15) and (0, 15)V. The possible mechanisms are the traps in SiN passivation capturing the electrons and the surface states at the SiN /AlGaN interface, which can affect the channel of two-dimensional electron gas and cause the current collapse.
PACS: 71. 55. Eq, 71. 55. Ak AlGaN/GaN heterojunction high electron mobility transistors (HEMTs) are widely recognized as an ideal technology for rf power amplifier applications. [1, 2] However, AlGaN/GaN HEMTs have been known to suffer from trapping problems resulting in dc-rf dispersion, i.e. a phenomenon also described as "current collapse" or "knee walkout", which limits the power capabilities of these devices. [3] The success experienced with SiN surface passivation [4−8] suggests that the device surface is closely involved in manifestations of current collapse. Several studies have suggested that surface states can play a predominant role in originating the observed device behavior. However, very few researchers have studied the correlation between the leakages of SiN passivation using different NH 3 flows and current slump.
In this study, we find that the leakage of SiN passivation layer becomes larger with the decreasing NH 3 flow. For the first time, we demonstrate unequivocally that different recipes of SiN passivation play different roles on the current slump. Gate lag measurements, [9, 10] which are a reasonable indication of current slump performance, show a strong correlation with the leakage of SiN passivation. A pulsed − measurement can show an − plot of the device in a trap and thermal state set by the quiescent bias point, and is thus capable of demonstrating bias related collapse problems in GaN HEMTs.
Three wafers with the same AlGaN/GaN HEMT structures were simultaneously grown by metal organic chemical vapor deposition on a 2-inch sapphire substrate. Trimethylgallium (TMG), trimethylaluminum (TMAl) and ammonia were used as precursors.
The device structure consists of, from top to bottom, 25-nm-thick unintentionally doped (UID) Al 0.25 Ga 0.75 N, 1.2-µm-thick UID GaN, 100-nm-thick GaN nucleation layer. The device mesa isolation was carried out using reactive-ion etching (RIE) in chlorine-based plasma. Ti/Al/Ni/Au (22/140/55/45 nm) was then deposited and annealed at 870
∘ C for 30 s by RTA in N 2 ambient. SiN films (about 60 nm) were then deposited on the device in a conventional plasma-enhanced chemical vapor phase deposition (PECVD) system. Three different recipes were employed: (1) 1.5 sccm NH 3 flow SiN (1.5-SiN) deposited at 250
∘ C Devices were fabricated using L-shaped gate technology with a 0.4 µm gate length and 0.7 µm field plate. The drain-source spacing was 4 µm. Passivation leakage structures and HEMT devices were fabricated. The complete experiment was repeated ten times on three different wafers, giving essentially identical results to confirm the reproducibility of the effects reported here.
Passivation leakage structure consists of the ohmic contact, SiN passivation layer and Schottky contact (gate). The gate is reversely biased in normal operation and the current that flows from the ohmic contacts to the gate. Any current flowing from the ohmic contacts must pass through the SiN passivation. The leakage current of SiN passivation can be used to characterize the trap states which capture and emission electrons. Figure 1(a) shows a schematic diagram of the device structure. For evaluation of collapse behavior, pulsed DS − DS measurements (pulse width 500 ns with the period of 1 ms) were carried out. Figure 2 shows that the degradation of and the ability of gate control of the 1.5-SiN device are obvious, following by 2-SiN and 2.5-SiN. It indicates that different recipes of SiN passivation are indeed closely related to the current collapse. The results shown in Fig. 2 are consistent with the results shown in Fig. 1(b) . It can suppress the current slump by increasing the NH 3 flow in SiN deposition process. In Fig. 3(a) , we discuss the influence of the interface traps on the − curve of the MIS-ring gate capacitor structure with a different NH 3 flow for the SiN layer. As the NH 3 flow decreases, we find that the − curves shift toward zero. This indicates that the surface states act like a fixed charge at the SiN /AlGaN interface and the shift is proportional to the density of states. Figure 3(b) shows normalized measured from 500 ns pulsed DS − DS characteristics of different recipes of SiN passivation device for different combinations of gate and drain quiescent biases ( GS0 , DS0 ) of (0, 0), (−6, 0), (−6, 15) and (0, 15) V. With reference to 1.5-SiN, about 70% collapse was shown in ( GS0 , DS0 ) = (0, 15). However, the 2-SiN and 2.5-SiN respectively show 40% and 30% collapse. This indicates that the 1.5-SiN device has the largest surface states, following by 2-SiN and 2.5-SiN. Therefore, the low-NH 3 -flow SiN passivation layer will increase the surface density of states which was caused by intensive and compressive stress between the SiN and AlGaN, exacerbating the current collapse. Gate lag measurements on the three nitride type SiN passivation devices have indicated that PooleFrenkel (PF) emission is involved in the capture and emission from trap states near the gate corner. The passivation leakage of the 1.5-SiN, 2-SiN and 2.5-SiN layers can be fitted to a PF conduction mechanism.
[11] Figure 4 illustrates the exponential dependence of leakage with the square root of the voltage. The extrapolated activation energy at zero-field for the trap should be meaningful, which can estimate the trap barrier in SiN passivation. For the 1.5-SiN, 2-SiN and 2.5-SiN layers, the trap barrier heights are 0.22 eV, 0.24 eV and 0.28 eV, respectively. It indicates that the types of traps in SiN passvation are different. Given this approximate linear field distribution, it is obvious that the traps in SiN passivation in the high field region near the gate corner impact the current slump. This is in reasonable agreement with the results of 1.5-SiN, 2-SiN and 2.5-SiN device current slump. The lower the height of trap barrier is, the greater the current slump is. This indicates that the traps in the low-NH 3 -flow SiN are easier to capture electrons. However, the traps in the high-NH 3 -flow SiN are harder to capture electrons. Therefore, the impact of 1.5-SiN passivation layer on the current collapse is larger but the 2.5-SiN is small.
We have demonstrated different recipes of SiN passivation effects on the performace of AlGaN/GaN HEMTs. We have analyzed the leakage current of SiN passivation, which can be used to characterize the trap states which capture and emission electrons. A serious current collapse has been observed on the 1.5-SiN passivated HEMTs compared with the 2-SiN and 2.5-SiN passivation HEMTs. With the increase of NH 3 flow in PECVD process, SiN passivation leakage and surface states will reduce, and the barrier height of traps in the SiN passivation will increase. We have also analyzed the extrapolated activation energy at zero-field for the trap in SiN passivation by fitting the PF conduction mechanism.
